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u  issTsjcr  jjjg  cotaj  plasma  bilirubin  concentration  (Br)  increased  by  23  to  334?.  in  12 
individuals  (10  healthy  volunteers  and  2  patients  with  Gilbert's  syndrome)  who 
fasted  for  3.  to  3  days.  Eighty-six  per  cent  of  the  rit.-  in  Br  was  due  rc  an  in¬ 
crease  In  plasma  unconjugated  bilirubin-  The  perv.en.age  .c.eanc  re  Br  did  not 
correlate  with  the  magnitude  of  the  base  lin«  coin.  ;U'.  re:  icn  .-:tuviv.~  *.th  biiiru- 
bin-->H  in  5  subjects  showed  that  the  hapurxc  clearun.  e  of  e_i;rvb.r.  t-oa  the  plaema 
(Cgr)  was  reduced  by  28  to  54%  during  fasting,  accounting  for  U.v  uticase  in  Br. 
The  ratio  of  the  plasma  bilirubin  turnover  during  fasting  to  that  ar.  base  l.ne 
state  was  0.99  t  0.16  (mean.-  SD)  fQS  these  f*ve  individuals,  indicating  that  in¬ 
creased  plasma  bilirubin  turnover  did  not  coaCtibute  to  the  u--t  .n  Br  In  5  addi- 
- iensi  subjects  the  mean  change  in  carbon  manc&ide  production  y-th  t.  . ng  was  only 

+24%,  whereas  Br  Increased  by  188%,  Furth.cr  studies  were  done  tc  d«t  rcine  why 
Cgr  ^ecTeasas  with  fasting.  The  plasma  disappearance  rate  01  incL*. >an;ee  green  in 
5  subjects  after  a  48-hr  fast  was  unchanged  rrois  base  line  Nine  h..z . rygous  Gunn 
rats  had  a  41  t  102  (mean  ^  SE)  increase  in  Rr  over  control  - . it  =  »  with  43  hr  of 
fasting.  Bilirubin-  H  clearance  studies  in  2  hemozygoua  Gum  atx  deco nst.ated  43 
and  44*  decreases  in  the  whole  body  clearance  of  bilirubin  dv  -ig  • ,.ng,  with 
return  to  control  rates  on  refeeding,  Multseompartmental  analy^i'.  1  'U  human 
Mlimbin  clearance  data  showed  that  the  ratio  of  the  hepatic  b.l  -..tic  peel  *,u 
plac^a  bilirubin  pool  decreased  during  fasting.  The**  resuit-  . • or  t  '•-c-ister.t 
with  the  hypothesis  that  CSt  dec-eaies  with  fasting  h-v-v.-c  •"  -t  t-i  r-ep&ri 
ability  to  extract  bilirubin  from  Hie  pl^ma. 
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The  total  plasma  bilirubin  concentration  (Br)  increased  by  23  to  334' , 
in  12  individuals  (10  healthy  volunteers  and  2  patients  with  Gilbert’s 
syndrome)  who  fasted  for  1  to  3  days.  Eighty-six  per  cent  of  the  rise  in 
Br  was  due  to  an  increase  in  plasma  unconjugated  bilirubin.  The  per¬ 
centage  increase  in  Br  did  not  correlate  with  the  magnitude  of  the  base 
line  concentration.  Studies  with  bilirubin- 3H  in  5  subjects  showed 
that  the  hepatic  clearance  of  bilirubin  front  the  plasma  (CHl)  was  re¬ 
duced  by  28  to  54*7  during  fasting,  accounting  for  the  increase  in  Br. 
The  ratio  of  the  plasma  bilirubin  turnover  during  fasting  to  that 
in  base  line  state  was  0.99  dz  0  i6  (mean  ±  so)  for  these  five  individuals, 
indicating  that  increased  p'asma  bilirubin  turnover  did  not  contribute 
to  the  rise  in  Br.  In  5  additional  subjects  the  mean  change  in  carbon 
monoxide  production  with  fasting  was  only  4-24r» .  whereas  Br  increased 
by  188',.  Further  studies  were  done  to  determine  why  Civ  decreases 
with  fasting.  The  plasma  disappearance  rate  of  indocyanine  green  in 
3  subjects  after  a  48-hr  fast  was  unchanged  from  base  line.  Nine  homo¬ 
zygous  Gunn  rats  had  a  41  ~  10r.  (mean  ±  sE>  increase  in  Brover  con¬ 
trol  values  witr  48  hr  of  fasting.  Bilirubin- 'H  clearance  studies  in  2 
homozygous  Gu;  i  rats  demonstrated  43  and  44'V  decreases  in  the 
whole  body  clearance  of  bilirubin  during  fasting,  with  return  to  control 
rates  on  refeeding.  Multicompartmental  analysis  of  the  human  bilirubin 
clearance  data  showed  that  the  ratio  of  the  hepatic  bilirubin  pool  to 
plasma  bilirubin  pool  decreased  during  fasting.  These  results  are  mart 
consistent  with  the  hypothesis  that  Civ  decreases  with  fasting  because 
of  reduced  hepatic  ability  to  extract  bilirubin  from  the  plasma. 

The  effect  of  caloric  intake  on  the  serum  trution  was  higher  when  individual,  were 
bilirubin  concentration  was  noted  as  early  fasting.  More  recently,  Barrett’  and  Fel- 
as  1906  by  Gilbert  and  Herscher.1  They  sher  et  al.*  have  shown  that  caloric  restric- 
observed  that  the  serum  bilirubin  concen-  tion  for  24  to  48  hr  causes  a  significant  in- 
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crease  in  the  serum  bilirubin  concentration 
of  both  normal  tndi  duals  and  patients 
with  a  variety  of  types  of  hepatic  dysfunc¬ 
tion. 

This  invest igat its t  was  designed  to  de¬ 
termine  the  mechanism  responsible  for  the 
hyperbilirubinemia  of  fasting.  The  results 
indicate  that  hepatic  clearance  of  bilirubin 
from  the  plasma  decreases  during  fasting, 
causing  the  increase  in  the  plasma  bilirubin 
concentration.  Additional  studies  were 
done  to  determine  why  hepatic  bilirubin 
clearance  is  alteted  by  fasting. 

Methods 

Plasma  bilirubin  concent  rat  ions  in  human 
subjects  were  measured  bv  the  method  of  Weber 
and  Sdiatm-4  Plasma  bilirubin  concentr-.tions  in 
homozygous  Gunn  rats  were  measured  by  "he 
method  of  Malloy  and  Evelyn*  on  0.05  to  0.1."> 
ml  of  blood  collected  from  the  tail  vein  in 
heparinized  micro-blood  collecting  tubes  (Arthur 
H.  Thomas  Co..  l*hiiade!phia.  Pa.). 

The  plasma  disappearance  rate  of  bili¬ 
rubin-  *H  in  human  subjects  was  determined 
following  intncenoiis  administration  of  15  to  30 
#tc  of  bilirubin- *H  in  0.5  mg  of  bilirubin.*  using 
the  methods  of  Barrett  et  al.7  and  Berk  et  al.* 
The  following  indices  ot  bilirubin  metabolism 
were  calculated  from  parameters  of  the  plasma 
disappearance  curve  of  bilirubin-*H  and  the 
plasma  concentration  of  unconjugated  bilirubin 
(Hr)7-  *:  (1?  C|lr,  the  volume  of  plasma  cleared 
of  unconjugated  bilirubin  each  minute  by  the 
liver;  (21  BRT.  the  plasma  bilirubin  turnover  in 
milligrams  per  day;  and  (3)  the  percentage  r» 
tention  of  labeled  bilirubin  in  the  plasma  at  4  hr. 

Cr,  (ml  per  min)  -  initial  distribution  volume 
of  bilirubin- *H  X 

_ 1 _ 

area  under  bilirubtn-*H  plasma  disappearance 

curve  (1) 

BRT  tmg  per  davi  =  C  n>  (ml  per  min) 

Br 

X  —(mg  per  ml) 

X  1400  (min  per  day) 

!•>! 
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Tlie  bitinibm-*H  clearance  data  were  also 
analyzed  l»v  muiticompartmental  analysts  in 
terms  of  a  three-pool  model  previously  described 
by  Berk  et  al.*  In  this  model  the  plasma  pool  of 
uncon jugated  bilirubin  is  considered  to  ex¬ 
change  with  a  hepatic  bilirubin  poo!  and  extra- 
vascular  extrahepatic  bilirubin  pool.  Tlie  pool 
sizes  and  fractional  transfer  rates  between  [sails 
were  determined. 

labeled  bilirubin  clearance  studies  in  homo¬ 
zygous  Gunn  rats  were  done  with  bilirubin- *H 
dissolved  in  male  Sprague-Dawley  rat  plasma. 
’Ihe  solution  (0.5  to  1.0  ml),  containing  0.)  to 
0.2  rr^  of  bilirubin,  was  injected  into  a  tail  vein. 
Pla-ma  samples  for  radioactivity  were  <  btained 
from  biood  collected  at  the  end  of  the  tail  in 
heparinized  miem-blood  collecting  tubes. 

Tlie  rate  of  carbon  monoxide  production  in 
human  subjects  was  measured  in  a  closed  re- 
breatbing  system.  The  methods  of  Collison  et 
al.*  and  Rodkey  et  al.’“  were  used. 

The  plasma  disappearance  rate  of  indo¬ 
cyanine  green  (ICG)  in  human  suhjerts  wa*  de¬ 
termined  by  the  method  of  Chcrrirk  et  al." 
following  intravenoi.-s  administration  «vs  mg 
per  kg  of  body  weight). 

The  water  content  of  tat  liver  was  determined 
as  the  difference  between  the  wet  weight  and 
the  dry  weight  of  tissue.  The  protein  content 
was  measured  on  trichloroacetic  acid  precipi¬ 
tates  of  liver  homogenates  by  the  method  of 
I  jowly  et  al.’7  Bilirubin  gtucumnyl  transferase 
airtivity  in  liver  homogenates  from  male 
Sprague-Dawley  rats  vas  measured  by  the 
method  of  Black  et  al.,? 

Subjects 

Twelve  individuals  participated  in  these 
studies.  All  individuals  except  H.  G.  and  K.  S. 
were  healthy  volunteers.  H.  G.  had  Gilbert's 
syndtome  and  an  undefined  congenital  hemo¬ 
lytic  anemia  (red  cell  life  span  measured  with 
tritiaWd  diisopropylftuorophosphate  was  30 
days),  K.  S.  had  Gilbert's  syndrome.  Informed 
consent  was  obtained  from  each  Individual. 

During  periods  of  fasting  both  human  subjects 
and  rats  underwent  total  caloric  restriction,  with 
only  water  intake  allowed.  During  base  line 
studies  the  human  subjects  were  on  an  cr!  lib¬ 
itum  diet,  and  rats  were  fed  unlimited  Purina 
rat  chow. 

Results 

The  pUnmu  bilirubin  concentration  of 
each  individual  rose  with  caloric  restriction 
(taUcs  1  to  :?>.  The  percentage  increase  in 
the  bilirubin  concentration  did  not  correlate 
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with  the  magnitude  of  the  liase  line  value 
(r  =  0.19).  Eighty-six  per  cent  (range  69 
to  9;V , )  of  the  increase  in  the  total  plasma 
bilirubin  concentration  was  due  to  an  in¬ 
crease  in  the  unconjugated  fraction.  The 
greatest  increase  occurred  during  the  first 
24  to  04  hr  of  fasting,  with  a  smaller  in¬ 
crease  over  the  subsequent  24  hr  of  fasting. 
The  plasma  bilirubin  concentration  in  each 
individual  returned  0>  the  base  line  value 
within  24  to  48  hr  of  refeeding. 

The  results  of  bilirubin-  3H  clearance 
studies  in  5  subjects  in  the  base  line  state 
as  compared  with  fasting  are  shown  in  table 
1.  The  fasting  bilirubin- 5H  clearance  study 
was  started  after  40  to  57  hr  of  total  caloric 
restriction.  Caloric  restriction  was  con¬ 
tinued  for  the  duration  of  the  study  (an 
additional  24  to  :U)  hr).  In  four  of  the  in¬ 
dividuals  the  plasma  bilirubin  concentra¬ 
tion  had  reached  a  new  constant  level  by 
the  time  the  fasting  bilirubin-*H  clearance 
study  was  started  (the  ratios  of  the  plasma 
bilirubin  concentrations  at  the  end  of  the 
study  to  those  at  the  beginning  were  0.89. 
0.99.  1.00.  and  1.09).  This  indicates  tliat  a 
new  steady  state  with  respect  to  tr.G  plasma 
bilirubin  concentration  was  present  during 
the  fasting  bilirubin-3H  clearance  study. 
The  plasma  bilirubin  concentration  in  H. 


0.  was  constant  over  the  first  15  hr  of  the 
fasting  bilirubin- 3H  clearance  study,  but 
then  increased  by  28*'<  during  the  last  9  hr 
of  the  study.  However,  the  measurement 
of  hepatic  bilirubin  clearance  was  well  de¬ 
termined  in  this  subject  (uncertainty  in  the 
measurement  was  ±5r, '). 

The  difference  between  the  plasma  disap¬ 
pearance  of  Wirubin-’H  in  the  base  line 
state  compared  with  that  during  fasting  is 
shown  in  figure  1.  Indices  of  bilirubin 
metabolism  obtained  from  parameters  of 
the  curves  are  given  in  table  I.  In  each  in¬ 
dividual  the  hepatic  clearance  of  unconju¬ 
gated  hilirubin  decreased  during  fasting, 
and  the  plasma  retention  of  labeled  bili¬ 
rubin  at  4  hr  increased.  The  average  uncer¬ 
tainty  in  the  clearance  measurement  for  the 
5  subjects  was  ±  8*7  both  during  base  line 
state  and  fasting/  The  decreases  in  hepatic 
hilirubin  clearance  (bv  28  to  54',  1  ac¬ 
counted  for  the  increases  in  the  plasma 
unconjugated  bilirubin  concentration.  The 
ratio  of  the  plasma  hilirubin  turnover 
during  fasting  to  that  during  base  line  was 
0.99  ±  0.16  (mean  ±  sn)  for  the  5  subjects, 
indicating  that  an  increase  in  plasma  bili¬ 
rubin  turnover  did  not  contribute  to  the 
increase  in  the  plasma  unconjugated  bili¬ 
rubin  concentration.  The  increase  in 


Taw*  I.  Hilirubin-’U  c/mran.-r  data' 
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‘Indices  of  bilirubin  mft.iZ.iism  calculated  tr  m  parameter*  of  thr  Mlinbitt .  -H  disappearance  cum  ami  tlif 
plasma  c*mcentrario«  <4  uneraijugated  hilirubin  art  sdcran.  The  fasting  studies  m  K.  S.  and  II.  G.  were  started 
a  ft  ft  If!  hr  of  total  catori--  restriction.  Thr  fasting  •'udies  in  the  other  three  individuals  were  started  after  57  hr  of 
total  ea!  trie  restriction. 

‘The  plasma  o  went  mike,  listed  for  hot!,  conjugated  hilintbtr,  and  unnciju  gated  hilirubin  is  the  mean  i  ST 
of  seven  to  eight  samples  obtained  during  the  st  ady. 
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plasma  conjugated  bilirubin  during  fasting, 
which  forms  a  small  percentage  of  the  total 
increase,  may  also  he  due  to  decreased 
hepatic  clearance,  although  this  could  not 
lie  studied  by  the  present  method. 

The  rate  of  carbon  monoxide  production 
was  measured  in  5  additional  subjects 
during  fasting  (table  2).  Carbon  monoxide 
and  bilirubin  are  both  produced  by  cata¬ 
bolism  of  heme  compounds.  14-li  An  in¬ 
crease  in  bilirubin  production  resulting 
from  increased  heme  degradation  will  be 
accompanied  by  an  equimolar  increase  in 
carbon  monoxide  production. '*•'*  although 
the  converse  may  not  be  true.”  Since  the 
plasma  unconjugated  bilirubin  concentra¬ 
tion  is  directly  proportional  to  the  plasma 
bilirubin  turnover.'*  carbon  monoxide 
production  must  change  by  at  least  the 
same  percentage  as  the  plasma  bilirubin 
concentration  during  fasting,  if  augmented 
heme  degradation  atone  is  to  account  for 
the  increase.  This  was  not  observed.  The 
mean  increase  in  the  plasma  bilirubin  con- 


Tawr  2.  Carbon  man-aide  (CO)  production * 
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0.85 

794 

10.5 

-f'er  484ir  fast 

0.90 

771 

16.9 

4.  R.  B. 

Base  line 

0.39 

109.1 

11.1 

After  24-hr  fast 

2.a5 

1078 

18.9 

After  48.hr  fas 

2.56 

1111 

19.0 

•The  carbon  rruooxide  production  rate  during 
fitting  is  compared  with  that  during  ad  libitum  caloric 
intake.  A  closed  rtbreathmg  system  was  used  to 
measure  the  CO  production  rate.  All  studies  except 
th«e  m  P,  B.  were  performed  on  consent  tire  days. 

*Thc  total  plasma  bilirubin  concentration  is  the 
mean  of  at  leas?  two  samples  obtained  during  the 
Mirth'. 

•A  base  line  plasma  bilirubin  concentration  was 
not  established. 


centration  in  the  5  subjects  was  188',. 
whereas  the  mean  change  in  the  carbon 
monoxide  production  rate  was  only  +24' 
'Fhe  coefficients  of  variation  seen  on  several 


Taws  S.  Indocyanine  given  UCG)  plasma  tlcarahcc* 


Subject 

Mihh 

bflmihm 

riAttplfalini* 

ire;  i*lw3c< 
h*Jj  litr 

ft  as 

c.  <;. 

Base  line 

0.40 

3.0 

Fasting 

M2 

2.8 

M.  (*. 

Rase  line 

0.55 

1.1 

Fasting 

;  0.78 

1.6 

B.C. 

Base  line  ] 

i  0.81 

1.6 

Facing 

1.17 

1.6 

4.  B. 

Base  iine  ] 

i  0.7.1  j 

4.7 

Fasting  | 

|  «.!.“} 

3.6 

R.  H. 

Base  line  j  0.S1 

4.0 

j 

i  Palling 

!  1 

1  J.34 

! 

4.4 

Mean 

i  Baseline!  0.82  g  0.161 

4.5  *  0.4 

i;  $*> 

!  Fasting 

|  1.10  -  0.26 

4.6  -  0.5 

•The  plasma  clearance  of  ICG  during  fasting  is 
compared  with  control  cleatance.  The  base  line  study 
was  done  following  an  8-hr  overnight  fast  (midnight  to 
8  ami.  Each  subject  was  the.;  fasted  an  additional  -IK 
hr  and  the  fasting  study  was  perf-wmed.  There  was 
no  difference  in  the  plasma  half-life  of  ICil  during 
fasting  mmp&ved  with  lose  Sine. 

'The  total  plasma  bilirubin  concentration  i»  the 
mean  of  at  least  two  samples  obtained  during  the 
study. 

* 

i  .v 

,  * 


*X»-  •  -  ,A-  =  ce  -»c 

Fig.  !.  The  plasma  disap}iea’ance  of  hiSrubin.*H 
in  subject  b  8.  while  fasting  k  i-wnparrd  with  that 
during  ad  libitum  eaW k  intake  (lose  litre  study*,  Indi¬ 
vidual  data  points  are  shewn  as  a  fractic*.  of  the  cx 
trnnoiited  value  at  rem  time.  The  solid  Foes  rep re¬ 
sent  computer  fit*  to  the  data.  The  jsc-rna  disappear¬ 
ance  rate  of  bilm&in-’H  decreased  with  fasting. 
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replicate  determinations,  of  the  base  line 
carbon  monoxide  production  rate  in  two 
individuals  were  :r9‘Y  and  ±16'',  .  These 
results  support  the  hypothesis  that  a  re¬ 
duction  in  hepatic  bilirubin  clearance  is 
mainly  responsible  for  »he  hyperbilirubi¬ 
nemia  of  fasting. 

The  plasma  disappearance  rate  of  ICG 
was  determined  in  5  subjects  in  the  base 
line  state  and  during  Casting  (table  3).  Since 
ICG  is  extracted  from  the  plasma  hy  the 
liver  with  an  efficiency  of  63  to  88(  ( .  meas¬ 
urement  of  its  plasma  disappearance  rate 
has  been  used  to  estimate  hepatic  blood 
flew  indirectly.  In  the  individuals 

studied  there  was  no  difference  in  the 
plasma  clearance  of  ICG  in  the  fasting  state 
compared  with  control  values.  These  re¬ 
sults  indicate  that  a  decrease  in  hepatic 
blood  flow  does  not  occur  during  fasting. 

The  total  plasma  bilirubin  concentration 
in  each  of  9  homozygous  Gunn  rats  with  un¬ 
conjugated  hyperbilirubinemia  increased 
during  fasting.  The  base  line  concentration 
in  these  rats  was  tfl.O  ±  3.5  mg  per  100  ml 
(mean  ±  sn>.  During  48  hr  ct  fasting,  the 
mean  plasma  bilirubin  concentration  in¬ 
creased  by  41'r  (range,  12  to  88',  >  of  the 


Fir..  2.  The  plasma  clearance  cf  bilirubin -’H  in 
homozygous  Gunn  rats  decreases  during  testing, 
returning  to  control  values  on  refeedwg.  Individual 
data  point*  are  shown  a<  a  fraction  of  the  extrapolated 
value  at  am  time.  The  least  equates  fits  to  the  bili¬ 
rubin-  *H  clearance  data  during  od  libitum  caloric  in¬ 
take  and  (acting  are  shown  by  the  solid  lines  and 
dashed  lines  respectively. 


T.Viftt;  4.  Rat  liver  conpm-tion  changes  during  fasting * 


ClfJBtevrrflljO 

ptretffotT 

i 

i 

Oaencf  pMftn 

Kehd 

i 

i  ; 

f 

1 

i  264  v  20  j 

10.2  -i  1.6 

0.68  -  0.004 

0.20  -  0.002 

•) 

261  x  II  j 

226  -  7  | 

7.8  *  0.7 

n.69  -  0.007  ! 

S.2T  -  0.004 

3 

!  2S2  d  10  ] 

222  ~  9 1 

I  249  -r  12  ! 

10.2  -  0.8 

0.68  ±  O.tXM 

I  0.19  ~  0.005 

Htbrulfcn  tr.trt'fn — *4- 

1  R&ryHja  tmti&iim 

f'driJF 

[ 

j  MtHsraft* 

i 

prrzr4b\rt  ! 

per  c  si 

1  Kw»  hof  |  Fard 

ferh. 

1 

p?e£c’J?.p<7hf 

4 

e  ; 

j 

!  1 

4 

w  j.  n 

:  3.0  -•  o.i 

2.4  -  0.03  ! 

j  7*3  *  O.ll  1 

11.7  ±  0.3 

5 

66  -  l 

SO  i  2 

1.8  —  0. ! 

2.7  ~  0.2  ! 

i  4.9  ±  U.6 

l  Hi-*  x  $K7 

8 

174  a  6 

i  6.3  0.7 

■2.5  -0.1  | 

15.9  1.2  j 

i 

-  “ 

TO  ^  6 

1 

isi  ±  .3  ; 

;  4.0  -i  0.2  ! 

!  2.8  T  0.2  ; 

1  u.2  :  i.o  ; 

! 

•Seven  groups  of  4  rats  each  were  ttsed  in  these  studies.  Values  listed  are  the  mean  >»,  for  the  entire 
group.  Groups  1. 4.  and  6  were  control  groups.  Group!  2,  Sc  and  7  were  studied  after  48  hr  ,4  total  caloric  restric¬ 
tion.  Group  3  was  fasted  for  48  hr.  then  refed  foe  48  hr  before  study. 
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control  value.  In  6  rats  which  were  fasted 
an  additi'  :!  24  hr  there  was  a  further  in- 
cr  ase  {mean  increase  at  “2  hr  was  5S1'.  of 
»  -<"t'  »i  value).  The  total  body  weight  in 
;  e  rats  decreased  by  an  average  of  IT, 
dur.ng  this  period  of  fasting,  whereas  the 
mean  hematocrit  rose  slight  ]v  Jn>m  40'.  to 
41r,. 

l.a*  ’*led  bilir’hin  clearance  studies  i;.  2 
homozygous  Gunn  rats  are  shown  in  figure 
2.  Hat  1  was  a  24‘<-g  female  with  a  total 
piasma  bilirubin  concentration  of  15.7  mg 
per  It**'  ml.  Kat  2  was  a  196-g  tenude  with 
a  bilirubin  concentration  of  14.6  mg  per 
100  ml.  The  fract  =  a«al  turnover  of  the  total 
fscible  hiiirufctn  pool,  deter:,  law!  trom 
terminal  lope  of  the  plasma  riisap- 
.arar.ee  curve. ’.ns  0.397  p-y  day  in 
rat  i  and  0.401  per  day  in  rat  2  during  nor¬ 
mal  caloric  intake.  The  rate  decreased  tn 
0.226  jwr  day  in  rat  1  and  to  0.223  per  day 
in  rat  2  during  fasting,  with  return  to  con¬ 
trol  rates  on  refeeding.  These  results  in  an 
animal  which  lacks  bilirubin  gtucuronyl 
transferase  indicate  that  a  decrease  in  the 
rate  of  bilirubin  conjugation  is  unlikely  to 
explain  the  increase  in  the  plasma  uncoc. 
jugated  bilirubin  concentration  which 
occurs  during  fasting. 

In  male  Sprague- Da wlej  rats  a  decrease 
in  Iwth  total  body  weight  (by  13  to  24*.  *  -nd 
liver  weight  (by  24  to  40'  .)  occurred  during 


48  hr  of  fasting  (see  table  4).  The  concen¬ 
tration  of  protein  in  the  liver  rust-  approxi¬ 
mately  15*.  during  fasting  t/*  <  0.01  by 
Student's  /-test).  'Ihe  water  content  (grams 
of  H,G  per  gram  of  User  (wet  weight)]  did 
not  <:ange.  Identical  changes  in  hepatic- 
protein  and  water  content  occurred  in 
Gunn  rats  during  fas»tng.  The  changes  in 
bilirubin  gtucuronyl  transferase  activity  in 
male  Sprague- Duw-lcy  rat  livers  were  the 
same  as  for  total  protein,  and  activity  |xr 
gram  of  protein  did  not  change. 

The  bilirubin- JH  clearance  data  from 
human  subjects  were  subjected  (o  multi- 
compartmenta!  analysis  in  an  attempt  to 
define  the  specific  step  in  hepatic  bilirubin 
excretion  which  is  altered  by  fasting.*  The 
model  used  (see  fig,  3}  considers  the  plasma 
pool  of  unconjngated  bilirubin  (A/,)  to  ex¬ 
change  with  a  hepatic  pod  (A/,)  and  ex- 


•— *  .  ...,j  ..  >«  >, 

■' -  .*•  .  :  _  .  OSSiVlt 
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(•Vi,  3.  ‘jfiree  r* iltijKtf Utimi  ni'Mic!  tm  ilir  mt-faih 
. ni  i,  liitimtiiii,  for  l!u  fV'>. 

ahich  .i.T  i!h-  lrs.ii.mal  ir.-titOVf  rails  between  rum- 
|-irtiiHiit.-.  ant)  for  (hr  poo)  ?i«s  an-  rol.-tibied  from 
the  plasma  disapj.nimn.'e  .line  of  hJimt.iii- JH  .md 
the  plasma  iunrci'twlior.  of  unranjiicatetl  liilir.;!>;n. 


Taw.c.  5.  Mullicumpartmcnln!  analysis  of  bilimbin-*ll  clearance  studies.* 
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*  Rtsnlts  of  Riuhicompartmenta)  analysis  of  hifrrabin.’H  rieararxe  data  in  human  sdijoit-  are  shown.  - 
the  fractional  transfer  rate  of  oomnj*icwed  bilirubin  fFTKt  from  plasma  pre4  to  hepatic  pno(.  ,\t.  JTfi  fr.-i 
hepatic  poo!  to  phoma  pnrj.  -  itretersdile  fractional  removal  tale  of  imor-n-ngated  hiiinihin  from  hepatic 
>ml  (  -*  erojugatkm).  W,;.W;  ■*  ratio  of  hepatic  pool  <4  wver.jtijatoi  bilirubin  imit'icram**  to  peseta  pon< 
(raiPi framsi.  «  talk)  of  extnrvasralar  extrshepntic  p*4  of  unrnijasated  biiiruhte  (milSicrrirr.s'i  to 
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tra vascular  extrahejvUie  |>ool  (,\/j  «f  un¬ 
conjugated  bilirubin.  *rhe  fractional 
transfer  rates  l>et\veen  pools  are  depicted 
on  figure  3  as  \'s  In  each  individual  a  do 
crease  in  the  ratio  occurred  during 

fasting,  indicating  that  the  ability  of  the 
'liver  to  extract  bilirubin  from  the  plasma 
was  reduced  by  fasting  (table  oh  This  de¬ 
crease  in  the  ratio  of  (xxil  sizes  was  associ¬ 
ated  with  a  decrease  in  the  fractional 
transfer  rate  of  bilirubin  from  plasma  to 
liver  (A;ii  and/or  an  increase  in  the  frac¬ 
tional  transfer  rate  from  liver  to  plasma 
{ X,t>.  TTie  factional  rate  which  represents 
conjugation.  Xvfl  decreased  by  33',  m 
subject  K.  S.  during  fasting  hut  was  un¬ 
changed  or  increased  in  the  other  4  sub¬ 
jects.  The  ratio  Sfa:Mt  was  unchanged 
in  2  subjects  during  fasting  compared  with 
base  line,  and  slightly  decreased  in  the 
other  3  subjects. 

Discussion 

The  hy|>erhjlinthinemia  of  fasting  may 
he  due  to  either  a  decrease  in  hematic 
clearance  of  bilirubin  from  the  plasma  or 
an  increase  in  plasma  bilirubin  turnover  re¬ 
sulting  from  increased  bilirubin  production 
(or  a  combination  of  hothb  In  this  investi¬ 
gation  evidence  has  been  presented  which 
indicates  that  a  reduction  in  hepatic  bili¬ 
rubin  clearance  during  fasting  is  principally 
resjMinsible  for  the  increase  in  the  plasma 
bilirubin  concentration. 

Measurements  of  the  rate  of  cnrlmn 
monoxide  production  in  human  individuals 
during  fasting  (table  21-  while  supporting 
the  hypothesis  that  reduced  hepatic  bili¬ 
rubin  clearance  is  mainly  resjwnsible  for 
the  hvperbilirubincmia  of  fasting,  suggest 
that  so  increased  rate  of  heme  degradation 
may  also  occur,  Bnkkcn  et  al.M  have  in 
fact  shown  in  rats  that  the  activity  of  hepatic 
heme  oxygenase,  the  enzyme  responsible 
for  d'.e  conversioc  of  heme  to  bilirubin  and 
carbon  monoxide.  is  increased  by  fasting 
and  by  hormones  released  during  hyjx>- 
glcceifctn.  The  production  of  rarbon 
monoxide- **C  from  heme  labeled  with 
glycine-2-* *C  is  also  increased.51  The  in¬ 
creased  rale  of  carbon  monoxide  produc¬ 
tion  observed  in  our  subjects  during  fasting 


may  thus  indicate  an  increased  rare  of 
hepatic  heme  degradation.  If  this  also  re¬ 
flects  increased  hepatic  bilirubin  produc¬ 
tion.  the  iKsrtion  of  hepatic  bllimbtn  pro¬ 
duction  which  circulates  in  the  plasma  prior 
to  excretion  in  the  bile  would  contribute 
to  the  hyperbilirubinemir.  of  fasting. 54  It 
is  necessary  to  point  out.  however,  that  an 
increase  in  the  rate  of  carbon  monoxide 
production  does  not  always  mean  that  there 
is  an  increase  in  bilirubin  production.  L-in- 
daw  et  al.n  showed  in  rats  with  experi¬ 
mental  porphyria  that  hepatic  heme  may  be 
degraded  along  nonbilirubin  pathways. 
Likewise.  Scantier  et  al.“  have  described 
a  mechanism  for  the  degradation  of  heme 
and  hemoprotein  which  results  in  the  for¬ 
mation  of  carbon  monoxide  but  variable 
amounts  of  bilirubin. 

The  physiological  alteration  which 
causes  the  decrease  in  hepatic  bilirubin 
clearance  during  fasting  seer.is  to  he  in¬ 
dependent  of  the  base  line  clearance  rate 
and  plasma  bilirubin  concentration.  In  2 
subjects  with  Gilbert's  syndrome  (K.  S.  and 
H.  G.  in  table  1).  base  line  hepatic  bili¬ 
rubin  clearance  was  well  below  the  norma! 
range  previmtsly  described. 4  Three  other 
individuals  (C.  G..  L.  8..  and  B.  C.)  had 
values  for  clearance  which  were  within  the 
normal  range.  Subject  L  8.  had  a  plasma 
bilirubin  concentration  which  was  only  10', 
of  that  for  H.  (»..  and  his  base  line  he|>atic 
bilirubin  clearance  was  3-fold  greater.  Yet 
hi >;ii  individuals  had  nearly  identical  per¬ 
centage  changes  in  both  ihr  plasma  bili¬ 
rubin  concentration  and  hepatic  bilirubin 
clearance  with  fasting.  Muiticompartmen 
tal  analysis  of  the  bilirubin  clearance  data 
demonstrated  that  the  ratio  of  the  hepatic 
bilirubin  pool  to  plasma  biiirubin  ;xx»I  de¬ 
creased  in  each  individual  during  fasting 
(table  5*. 

It  is  unlikely  that  hejwtic  bilirubin 
clearance  decreases  with  fasting  In'cause 
of  a  decrease  in  hepatic  blood  flow.  In  order 
to  explain  the  magnitude  of  the  increase  in 
the  plasma  bilirubin  concentration,  a 
marked  reduction  in  he| vatic  blond  flow 
would  l»e  necessary.  This  would  cause  a 
decrease  in  the  plasma  clearance  of  ICG. 
since  the  plasma  disappearance  rale  of 
ICG  cTfers  an  indirect  measurement  of  he- 
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patic  blood  flow  which  correlates  very  well 
with  direct  measurements."-  *°- 11  Such  a 
decrease  was  not  observed  in  five  individ¬ 
uals  (table  8). 

A  decrease  in  the  activity  of  hepatic  bili¬ 
rubin  glururcnvl  t.ansferase  is  also  unlikely 
to  explain  the  hyperbilirubinemia  of  fasting. 
The  demonstration  that  the  plasma  bili¬ 
rubin  concentration  increases  with  fasting 
in  Gunn  rats  which  lack  this  enzyme,  direct 
measurement  of  bilirubin  glucuronvl  trans¬ 
ferase  activity  in  homogenates  of  male 
Sprague-Dawlev  rat  liver  (table  4).  and 
multicompartmental  analysis  of  human  bili¬ 
rubin  clearance  data  (table  5)  indicate  that 
a  decrease  in  the  activity  of  this  enzyme 
does  not  explain  the  increase  in  the  plasma 
bilirubin  concentration  during  fasting. 

Two  hepatic  cytoplasmic  protein  fractions 
which  bind  bilirubin  and  other  organic 
anions  have  been  described. 74  However, 
the  turnover  rates  of  these  proteins  (half¬ 
times  of  19  days  and  42  hr}17  are  too  long  to 
account  for  the  rapidity  of  rise  in  the  plasma 
bilirubin  concentration  during  fasting,  even 
if  synthesis  of  the  proteins  stopped  with 
fasting. 

Diminished  excretion  of  bilirubin  into 
bile  during  fasting  could  cause  the  increase 
in  plasma  conjugated  bilirubin.  However, 
this  would  not  explain  the  increase  in 
plasma  unconjugated  bilirubin,  since  only 
conjugated  bilirubin  is  cxc.eted  into  bile. 

A  mechanism  to  explain  fasting  hyper¬ 
bilirubinemia  which  is  consistent  with  all 
the  data  presented  is  that  a  material  forms 
(or  increases)  during  fasting  which  inhibits 
hepatic  bilirubin  clearance.  Alternatively,  a 
material  which  facilitates  hepatic  bilirubin 
clearance  could  be  depicted.  Several  com¬ 
pounds  which  may  influence  bilirubin  me¬ 
tabolism  change  rapidly  with  fasting.  For 
example,  the  plasma  glucagon  level  in¬ 
creases  to  a  jteak  by  :l  days  of  fasting, 
whereas  the  plasma  insulin  and  glucose 
levels  decrease  over  the  same  time  pe¬ 
riod.**  This  is  thought  to  reflect  a  period 
cf  accelerated  hepatic  gluconeogenesis.  If 
hepatic  uptake  of  bilirubin  is  energy-de¬ 
pendent,  such  changes  might  be  important. 
Free  fnttv  acids,  which  have  been  shown  to 


affect  the  binding  of  bilirubin  to  albumin, 
increase  markedly  wit'.m  24  hr  of  lasting 
and  return  rapidly  to  base  line  values  on 
refeeding.”  Although  the  plasma  concen¬ 
tration  of  free  fatty  acids  attained  during 
fasting  is  not  sufficient  to  cause  displace¬ 
ment  of  bilirubin  from  albumin  in  vitro, “ 
the  free  fatty  acids  might  compete  effec¬ 
tively  with  bilirubin  for  the  hepatic  cyto¬ 
plasmic  binding  proteins,  since  toe  liver 
actively  metabolizes  free  fatty  acids  during 
fasting. 

Many  other  changes  occur  with  fasting, 
and  further  work  will  be  required  to  define 
the  reason  why  hejwtir  bilirubin  clearance 
decreases.  Such  investigation  should  add  to 
the  knowledge  of  bilirubin  metabolism. 
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